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Topics of this section
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Phenology is an important topic in ecosystem ecology. It is the timing of life events. 
Often they are cued by temperature, so changes in temperature can make 
phenological events occur earlier or later.  Phenological records are simple, 
examples of citizen science, and exist hundreds of years in some circumstances 
(flowering of cherries in Japan, timing of leaf out at estates in England and botanical 
gardens in Europe). Hence, they provide an integrative and unbiased measure of 
global change.  Ecological issues involve asynchrony between flower and insects, 
or the extra mining of soil water with earlier leaf out.
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Many records are showing longer growing seasons. This one is based on satellite 
records, going back to the early 1980s
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Lengthening is happening by earlier springs and later autumns in many locales.
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Other phenological metrics. Based on extensive studies of phenology gardens in 
Europe
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Disturbance and land use change are other important changes induced by human’s 
impact on this planet. They can come in many direct and indirect forms.

7



Mankind seems to be everywhere. According to a paper by Sanderson 83% of land 
is appropriated by human use
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Here is the human footprint across the planet. Few places are unchanged. And as 
we add more and more roads in remote areas the change comes fast.
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Land use is changing positively and negatively with regards to forests. Temperate 
forests seem to be aggrading as people abandoned farms and moved to cities. 
Tropics are experiencing deforestation, as remote areas are open and exploited for 
resources and landless peasants look for a better life.

10



Deforestation is seen as a significant source of carbon to the atmosphere. 
Estimates are on the order of 1 to 2 PgC/y
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There has been a decline in Amazon deforestation
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In the US, we already cut down most our forests. Hence, I am a proponent of saving 
the little virgin forest that exists
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Forest regrowth is occurring
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Forest across Europe tend to be young. Go question rises about the ability for these 
forests to be as strong a C sink as they age. 
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We are seeing natural mortality of forests across the west due to prolonged 
droughts
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Mortality rates have been increasing across regions, species, size and age class 
and elevations
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Storm damage seems higher lately, but this may be a record of watching this 
statistic, too
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Fires are and will be an important factor affecting forests and a signal of climate 
change
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Fires are a natural component of many of the world’s ecosystems
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Fires are a critical factor in emitting carbon to the atmosphere. More carbon is 
emitted by fire during droughts associated with El Nino
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Fire frequency in the West is trending upward
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Ipcc AR5 report. Plant species and ecosystems don’t move so fast, compared to 
larger animals, insects and mollusk that move with currents
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Current extinction rates are much greater than natural and historical rates
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They reveal the often complex—and sometimes surprising—ways that acid rain has 
reshuffled aquatic food webs in sensitive waters. One trend is crystal clear, a team 
led by Nierzwicki-Bauer reported this past July in Environmental Science & 
Technology: More acid meant less biodiversity. The researchers came up with a 
grim rule of thumb: For every one-digit drop in pH (from 6 to 5, for instance, which 
represents a 10-fold increase in acidity), there were 2.5 fewer genera of bacteria, 
1.43 fewer bacterial classes, and 3.97 fewer species of phytoplankton. A one-digit 
drop in pH also meant nearly two fewer crustacean species and about four fewer 
species of aquatic plants, rotifers, and fish. “Lots of studies had examined acid 
rain's impact at a chemical level,” says Nierzwicki-Bauer. “We tried to quantify how it 
changes the biota.” 

30



31



32



33



34



35



36



37



38



39



40



41

DP double precipitation
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